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CP2/5C24 

Arlington, VA 22202 
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13 July 2000(13.07.00) 


Priority date (day/month/year) 
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| X | in the demand filed with the International Preliminary Examining Authority on: 
12 January 2001 (12.01.01) 

| | in a notice effecting later election filed with the International Bureau on: 



2. The election | X | was 

f | was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 
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From the INTERNATIONAL SEARCHING AUTHORITY 
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MATHISEN, MACARA & CO. 
The Coach House 
6-8 Swakeleys Road 
UB10 8BZ 
UNITED KINGDOM 




PCT 



ATION OF TRANSMITTAL OF 
RNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 



Date of matting 
(day/month/year) 



16/05/2002 



Applicants or agent's fiie reference 
10/W32494W0 



FOR FURTHER ACTION 



See paragrapns i and 4 below 



international application No. 
PCT/GB 02/00495 



international filing date 
(day/month/year) 04/02/2002 



Applicant 

THE UNIVERSITY OF HULL 



ACCOUNTS GTS 



1 • [Xl Tne applicant *s hereby notified mat the international Search Report has been established and Is transrhtneonerewitn. 



Filing of amendments and statement under Article 19: 

The applicant Is enticed, if ne so wishes, to amend the claims of the International Application {see Rule 46): 

When? Tne time limit for filing sucn amendments ts normally 2 months from me date of transmittal of ins 
International Search Report; however, for more aetaijs, see tne notes on the accompanying sheet. 

Where? Directly to tne international Bureau of WlPO 
34, chemin des Coiombettes 
121 1 Geneva 20, Switzerland 
Fascimile NO.; (41-22) 740. 14.35 

For more detailed instructions, see me notes on tne accompanying sneet 

2. I — I The applicant Is hereby notified mat no international Search Report will be established and that tne declaration unaer 
1— J Article i7(2)(a) to mat enea is transmitted herewltn. 

3. Q with regard to the protest against payment of (an) additional foe(sj under Rule 40.2. tne applicant Is notified that: 

□ the protest together with the decision thereon has Deen transmitted to tne international Bureau together with the 
appiicanrs request to forward the texts of both tne protest and me decision thereon to the designated Off ices. 

[ | no decision has been made yet on tne protest; me applicant win be notified as soon as a decision is made. 

4. Further action(s): Tne applicant is reminded of the following: 

Shortly after 18 months from the priorrry date, the international application will be published oy the international Bureau, 
if tne applicant wisnes to avoid or postpone publication, a notice of witnorawaJ ot the international application, or of tne 
priority claim, must reacn me International Bureau as provided in Rules 90b/s.i ana 90WS.3, respectively, before the 
completion of the technical preparations for international publication. 

VVitmn 13 months from me priority aate, a demand for international preliminary examination must be mea if tne applicant 
wisnes to postpone tne entry into tne national phase until 30 montns from tne priority date (in some Offices even later). 

Within 20 months from the pnonry aate, the applicant must penorm tne prescribed acts for entry into the national phase 
before ail designated Offices which have not been elected in me demand or in a later election within 19 montns from the 
priority date or could not be elected because may are not bound ny Chapter ll. 





Mame ana mailing address ol tne international Searcning Authority 
w European Patent Office, P.B. 5618 Patennaan 2 
Jfft NL-2280 HV RljSwjjK 

Q)n Tel. <t31-70) 340-2040. Tx. 31 651 epo ni. 
Fax: K31-70) 340-3016 


Autnorizea officer 

Henriecce Huysing-Solles 
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A. CLASSIFICATION OF SUBJECT MATTER . 

IPC 7 C12N1/12 C12P7/64 C12R1/89 



According lo international Patew Ciaseificaiioti (IPC) cx'io bom national enssflicmion arm IPC 



B. FIELDS SEARCHED 



M-nxnum aocumentaiion searcneo tciasalicaiion system totiowea oy ciassil* aiior. symbols) 

IPC 7 C12N C12R 



Documeniaiion searutcd omer man minimum documentation lo tno orient mat sucn oocumonis are included in tne t*los searcped 



Eieciromc oala oasa consulted during tne international searcn (name of oata oasa ana, wtiero practical, search terms used) 

EPO-Internal , WPI Data, PAJ, BIOSIS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation ol document, wan 'maicaiion. wnere appropriate, oi me relevant passage* 



WO 01 04338 A (ANDERSON ALISTAIR JAMES 

; GRANTHAM DAVID JOHN (GB); KANAG ACHANDRAN ) 

18 January 2001 (2001-01-18) 

cited in the application 

the whole document 



US 5 711 983 A (KYLE DAVID JOHN 
27 January 1998 (1998-01-27) 
the whole document 



£T AL) 



US 5 407 957 A (KYLE DAVID J 
18 April 1995 (1995-04-18) ■ 
cited in the application 
the whole document 



ET AL) 



-/-- 



Relevant to claim No. 



1-26 



1-26 



1-26 



m 



Further documents sire listed in the continuation oT box C. 



Patent family ma mom are listed in annex. 



v Speciaj categories ot cited documents : 

"A* document dehrung the general state or tne art wnich is not 

considered to oe of particular relevance 
*E* earlier aocumoi.t out puDiisned on or aner the international 

Tiling date 

V aocu merit which may throw douots on priority claims) or 
which is cited to estaoiish the publication oaie of another 
citation or other epeoal reason (as specified) 

'O* document referring to an oral enclosure, use. exhibition or 
other means 

•P" document puDiished prior to tne international ming date out 
later man the priority date claimed 



T" later document published aner me international wing dale 
or pnorQy date and not in conflict with the application out 
cued to understand tne principle or theory underlying the 
indention 

"X* document ot particular relevance: tpo claimed invention 
cannot be considered novel or cannot ue considered to 
invofve an inventive eiep when the document is taken ajone 

■y aocumcnt of particular relevance: the Claimed invention 

cannot do considered to involve an inveniive step when the 
document ( b combined with one or more other such docu- 
ments, sucn combination being obvious to a person skiIioo 
•n tno an. 

documeni merooer ot tne same patanl family 



Oate ot the actual completion ol me international search 



7 Hay 2002 



Name and maifing aoovess 01 me ISA 

European Patent Office. P.B. 58i8 Paiemtaan 2 
NL - 2280 hV Fu|SwijK 
TeL (-*3t-70j 340-2040. Tx. 31 651 epo lM. 
Fa*: (t31-70) 3*O-30l 6 



Date or mailing of the international search report 



16/05/2002 



Auinoriied ofliocr 



Kools, P 
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C.(ConllnuaiM>n) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ■ 



Cuanon of uocumeni. *»t. inoiceiion.vimeni appropr>aie. ot me rett.am passages 



TUTTLE R C ET AL: "AN OPTIMAL GROWTH 
MEDIUM FOR THE DINOFLAGELLATE 
CRYPTHECODINIUM COHNII" 
PHYCOLOGIA, BLACKWELL SCIENTIFIC PUBL. , 
OXFORD, GB, 

vol. 14, no. 1, 1975, pages 1-8, 
XP000604089 
ISSN: 0031-8884 
the whole document 



Reiovoni to claim No. 



1-26 



2 



Fwm PCT/i£a/S!10 jcartwiuMicn oj seeona enaci) 1 B92> 



page 2 of 2 



[ 



THIS PAGE BLANK (uspto) 



PCT 

REQUEST 



The undersigned requests that the present 
international application be processed 
according to the Patent Cooperation Treaty. 



For receiving Office use only 



International Application No. 



International Filing Date 



Name of receiving Office and "PCT International Application" 



Box No. I TITLE OF INVENTION 



Applicant's or agent's file reference 

(if desired) (12 characters maximum) 10 / W32314WO 



CULTURE OF MICROORGANISMS FDR THE SYNTHESIS OF 
A POLYUNSATURATED FATTY ACID 



Box No. II APPLICANT 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation The address must include postal cc%ie ajxdname of country. The country of the 
adaress indicated in this Box ts the applicant s State (that is, country) of residence if no State 
of residence is indicated below.) J 



THE UNIVERSITY OF HULL 
Cottingham Road. 
Hull 

North Humberside HU6 7RX 
United Kingdom 



| | This person is also inventor. 



Telephone No. 



Facsimile No. 



Teleprinter No. 



State (that is. country) of nationality: 



GB 



This person is applicant 
for the purposes of: 



State (that is. country) of residence: 



GB 



□ allU^ignated r^n a» tej^cd I Suites except r— | the United States |— 1 the States indicated __ 
aiatcs L— 1 thc United States of Amenca | | of America only | | the Supplemental Box 



Boi No. Ill FURTHER APPHCANT(S) AND/OR (FURTHER) INVENTOR(S) 



Name and address: (family name followed by given name; for a legal entity, full official 
^ tU2tlOT i- The J^^smusi include postal code and name oj county. The country of the 
tffeTd^ State (that is. country) of residence ifio State 

ATO BV 

Bornsesteeg 59 y 
6708 PD Wageningen 
The Netherlands 



This person is: 

|X | applicant only 

| | applicant and inventor 

| | inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is. country) of nationality: 



NL 



tetlEwwsZsSE™ 1 □ Su^ Si8natCd [Xl |j" ftVSS 1 ^ates excep, pi the United States I"! the States indicated in 
tonne purposes ot. I 1 states LfU the United States of America I I of America only | | the Supplemental Box 



State (that is. country) of residence: 



NL 



Further applicants and/or (further) inventors are indicated on a continuation sheet. 



Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person identified below is hereby/has been appointed to act on behalf 
of the applicant(s) before the competent International Authorities as: 



X] agent Q 



common representative 



Name and address: (Family name followed by given name; for a legal entit\> full official 
designation. The address must include postal code and name of country.) 

MATHISEN, MAC ARA & CO. 
The Coach House 
6-8 Swakeleys Road 
Ickenham, Uxb ridge 
Middlesex UB10 8BZ 
United Kingdom 



Telephone No. 

( 0 ) 1895-678331 



Facsimile No. 

(0)1895 676103 



Teleprinter No. 



□ fpal'X'^ lhiS ChCCk ," b ^ X Whcrc no a ? enl or common representative is/has been appointed and th 

i 1 space above is used i nstead to indicate a special add ress to which corre spondence should he sent. 



I orm PCT/RO/I0I (first sheet) (July 1998; reprint January 2000) 



See Notes to the request form 
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Sheet No. 



Continuation of Box No. UI FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



if none of (he following sub-boxes is used, this sheet should not be Included in the request 



of residence is indicated below.) 

RATLEDGE, Colin 
49 Church Drive 
Leven 
Beverley 

East Yorkshire HU17 5LH 
United Kingdom 



official 
(he 
(ate 



This person is: 

[ [ applicant only 

[ X I applicant and inventor 

I I inventor only (If this check-box 
is marked, do not fill in below.) 



Slate (that is. country) of nationality: 



State (that is. country) of residence: 



- . GB _[ GB 

lis person is applicant 1 | all designated I 1 all designated Stales except 1 1 the Untied Slates I j the Stales indicated in 

the purposes of: | 1 Slates | [ the United Stales of Amgica LxJ of America only Q Su^cSelSS Box" 



Th 
for 



yj^ c M address: (Family name followed by given name: for a legal entity, full official 
resignation. The address -must include postal code and name of county. The country of the 
cffeTde'^ State(thatis. c« W fceffi 

ANDERSON, Alistair James 
4 0 Oxenhope Road 
Hull HU6 7BZ 
United Kingdom 



State (that is. country) of nationality: 



GB 



This person is: 

I j applicant only 

|X I applicant and inventor 

f 1 inventor only (If this check-box 
is marked, do not Jill in below.) 



State (that is. country) of residence 



GB 



£i i ?*£ erSOn iS a PP|. icam I I designated I 1 all designated Slates except 1—1 the United Stales | 1 the States indicated in 

for the purposes of: I I States [_J the Umfed Slates of America [X] of Africa onl? □ r£ Su^plemelSS Bol! 



Name and address (Family name followed by given name: for a legal entity full official 
nJJg™* 0 ;- T ^*essrnustinc(ude™sta^^^ Thecount^ 
tffe^ae'^^ S ^^lhatis. cointry)7f residence ifZLte 



KANAGACHANDRAN, Kanagasooriyam 
4 9 Trevelyan Road 
London SW17 9LR 
United Kingdom 



State (thai is. country) of nationality: 



LK 



This person is: 

I I applicant only 

|X I applicant and inventor 

I ] inventor only (If this check-box 
is marked, do not Jill in below.) 



State (that is. country) of residence: 



GB 



Name and address. (Family name followed by given name, for a legal entity, full official 
iddressmust include postal code and name of country. The country of t fie 
^M^TJ^M^T ° PpScan * * ° hat * COi ""^ of residence if, to State 



GRANTHAM, David John 
2 Malvern Crescent 
Priory Road 
Hull 

East Yorkshire HU5 5TR 
United Kingdom 



This person is: 

I 1 applicant only 

|X I applicant and inventor 

I I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is. country) of nationality: 



GB 



This person is applicant 
for the purposes of: 



State (that is. country) of residence: 



GB 



□ all designated | | all designated Stales except rrrn the United Slates | 1 the States 
^ lalcs I 1 Ihc United Slates of America |_^J of America only | | the Supph 



indicated in 
Supplemental Box 



~X] Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Porm PCT/RO/101 (continuation sheel) (July 1998; reprint January 2000) 



Sc e Notes to the request form 
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Sheet No. . P. 


J Continuation of Box No. Ul FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) | 


j if none of the following sub-boxes is used, this sheet should not be included in the request \ 


Name and address: (Family name followed by given name; for a legal entity, full official 
assignation. The address must include postal code and name oj country. The country of the 

1 address indicated in this Box is the applicant 's State (that is. country) of residence if no State 

1 of residence is indicated below.) 

STEPHENSON, Janet Christine 
6 St . Anthony's Drive 
Hedon 

Hull y 
East Yorkshire HU12 8NT 
United Kingdom 


This person is: 

applicant only 

|X | applicant and inventor 

| ) inventor only (If this check-box 
*— 1 is marked, do not fill in below.) 


1 State (that is, country) of nationality: 

J GB 


State (that is. country) of residence: 

GB 


This person is applicant | | ail designated I 1 all designated Stales except r—i the United States 1 1 the States indicated in 

for the purposes of: | 1 States | | the United States of America L2LI of America only | | the Supplemental Box | 


Name and address: /Family name followed by given name; for a legal entity, full official 
designation. The address ;must include postal code and name of country. The country of the 
address indicated in this Box is the applicant s State (tliat is, country) of residence if no State 
1 oj residence is indicated below.) J 

f de SWAAF, Martin E. 

Dillenburgstraat 27 y 
3583 VD Utrecht 
The Netherlands 


This person is: j 
| | applicant only 

| X | applicant and inventor 

f~| inventor only (If this check-box 

t— 1 is marked, do not fill in below.) \ 


1 State (that is. country) of nationality: 

NL 


State (that is, country) of residence: f 

NL 


This person is applicant | 1 all designated I 1 all designated States except f—i the United States | 1 the States indicated in 

for the purposes of: 1 1 States I I the United States of America |jK| of America «£ty |_J tf£ Supplemen^J Box | 


d^JL^i^Ti eSS: J£ amiiy ™™ followed by given name; for a legal entity, full official 
designation The address must include postal code and name of country. The country of the 

Pm^I^S^M^J 6 ^ 0 ^'' Staie < thatis - c o™«y) oj 'residence if 'Jo&tate 

SIJTSMA, Lolke 
[ Brinkweg 18 
| 6 8 71 VK Renkum 

The Netherlands 


This person is: 

| | applicant only 1 
[X | applicant and inventor | 

1 I inventor only (If this check-box 
is marked, do not fill in below ) 


1 Mate (that is, country) of nationality: 

I NL 


State (that is. country) of residence: 

NL 


This person is applicant | i all designated ( 1 all designated States except the United States i 1 ihe States indicated in 

for the purposes of: |_| Slates |_| the Un.fed States of America L2SJ of America only [j {he SuMemcnS Box | 


Name and address: (Family name followed by given name; for a legal entity, full official 
aesjgnation Ihe address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant s State (that is. country) of residence if no State 
of residence is indicated below.) J 


This person is: 

| | applicant only 

f~~~] applicant and inventor 

1 1 inventor only (If this check-box 
is marked do not fill in below.) 


State (thai is, country) of nationality: 


State (that is. country) of re 


sidence: j 



for the purposes of: 



□ all designated j | all designated States except 
Slatcs I | ihe United States of America 



□ the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Q Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Form PCT/RO/IOI (continuation sheet) (July 1998: reprint January 2000) 



See Notes to the request form 
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Sheet No 4 . 



Box No.V DESIGNATION OF STATES 



□ AP AR1PO Patent: 
TZ 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one must be marked)- 
Regional Patent 

7*°?? o m: Sf H 9^ ana ' GM Gambia - Ken ya* LS Lesotho, MW Malawi, SO Sudan, SL Sierra Leone SZ Swaziland 
PnJ^S^^^P^^ UG ZW Zimbabwe ' - d «»y olher S * te which fa. Contracting ^2^55 

D EA m, r J Sla ° P t te ? t: * M ^ c . n , ia , AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova 
Co U nvS 

H EP ^" ro J e n^ a ^ at ^ t: c ^ T ? E ^ e i giunu £ H and u Switzerland and Liechtenstein, CY Cyprus, DE Germany 

DK Denmark, JES : Spain. FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy LU UxemboSo 

ConvS^^^ 

1=1 ° A ?A r»fc!I??iirf F - BUI ^^' BJ Benin, CF Central African Republic. CG Congo, CI Cdte d'lvoire, CM Cameroon 
Shic£?°: S^iP Uinea ' C u W g uulea ;Bissau, ML Mali, MR MauritanS, NE Niger, SN Senegal TD Chad TG Toeo^d any 
£S o^doted I™ * ™ 8 Contractin S Stale of * e PCT ^ml^Mio^^^i^Si 

National Patent (ij other kind oj 'protection or treatment desired specify on dotted line): 

□ AE United Arab Emirates 

□ AL Albania 



O AM Armenia . 
□ AT Austria . . 

Australia . . 
Azerbaijan 



□ AU 

□ AZ 

□ BA 

□ BB 

□ BG 

□ BR 

□ BY 

□ CA 



Bosnia and Herzegovina r-j 



Barbados 
Bulgaria 
Brazil . 
Belarus . 
Canada 



Liberia 

Lesotho 

Lithuania 

Luxembourg 

Latvia 

Morocco 

Republic of Moldova 
Madagascar 



□ CH and LI Switzerland and Liechtenstein 

□ CN 

□ CR 

□ CU 

□ CZ 

□ DE 

□ DK 

□ DM 

□ EE 

□ ES 

□ FI 
GB 

□ GD 

□ GE 

□ GH 



Cbina 0 NO 

Costa Rica j-j 

Cuba p 

Czech Republic q 

Germany q 

Denmark q 

Dominica r-| 

Estonia q 

Spain rj 

Finland r-j 

United Kingdom j—j 

Grenada r-i 



Ghana . 
□ GM Gambia 



□ 
□ 



HR 
HU 

□ ID 

□ IL 

□ IN 

□ IS 

□ JP 

□ K£ 

□ KG 

□ KP 



□ KR 

□ KZ 

□ LC 

□ LK 



□ TM 

□ TR 

Croatia 



Hungary 
Indonesia 

Israel 

India 

Iceland 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's Republic of Korea 



□ LR 

□ LS 

□ LT 

□ LU 

□ LV 

□ MA 
MD 

□ MG 

□ MK The former Yugoslav Republic of Macedonia 



□ MN Mongolia 

□ MW Malawi 

□ MX- Mexico . 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 
Sweden 
Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

United Republic of Tanzania 

Ukraine 

Uganda 

United States of America . . 



□ 
□ 
□ 



TZ 
UA 
UG 
US 



□ 
□ 
□ 
□ 
□ ZW 



uz 

VN 
YU 
ZA 



Republic of Korea Check-boxes 

Kazakhstan 

Saint Lucia □ 

Sri Lanka □ 



Uzbekistan . . . 
Viet Nam . . . 
Yugoslavia . . 
South Africa . . 
Zimbabwe . . . 
reserved 



for 



designating States which have 
become party to the PCT after issuance of this sheet: 



de7^!!^ 0 o ary K D l Si8 ° fl M 0 u Sta(emcn ? : [ " Edition to the designations made above, the applicant also makes under Rule 4 9(b) all other 
^te^rtt^t? P Tt? the , PC 7 eXCepl any d «8««ion(s) -d.cated in the Supplemental Box « ^KeSlSS 

d^^i^^^^!^ h r C aP , pl,Can ? declare r V hat lhosc additional designations are subject to confirmation and that any 
t^^Z^r^i^^^ V ^V 0 " ° f ! 5 momhs rrom P W ^tc is to be regarded as withdrawn nv (he applicant 
- i ui inai ume limn. (L.on/n motion (including fees) must reach tlte receiving Office within the 15-month time limit.) 



Form PCT/RO/101 (second sheet) (January 2000) 



See Motes to (he request form 
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Box No. VI PRIORITY CLAIM 



Filing date 



Number 



Sheet No. . . .5 . . . 

□ Further priority claims are indicated in the Supplemental Box. 



Where earlier application is: 



jj (day/ntortth/year) 




national application: 
country 


regional application: 4 
regional Office 


unci uduunai application* 
receiving Office 


1 item (I) 
14 July 1999 


9916537. 5 


United Kingd 






[ item (2) 










item (3) 











of the Mriif? % rVL^ ir<u MTm lo ine international Bureau a certified copy 
Box No, VII INTERNATIONAL SEARCHING AUTHORITY " " 



Choice of International Searching Authority (ISA) 

Of two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen; the two-letter code may be used) : 

ISA/ 



Request to use results of earlier search; reference to that search (if an earlier] 
search has been carried out by or requested from the International Searching A*£ri£: ' 

Date (day/monthfyear) Number Country (or regional Office) 



Box No. V1U CHECK LIST; LANGUAGE OF FILIN G 
This international application contains 
the following number of sheets: 
[ request 5 

description (excluding 2 3 

sequence listing part) 

claims 6 

abstract \ 

drawings 9 

sequence listing part _ 
of description ~~ 



I Total number of sheets : 4 4 



Figure of the drawings which 
should accompany the abstract: 



This international application is accompanied by the item(s) marked below: 
1.0 fee calculation sheet - ; 
2. □ separate signed power of attorney 



3. 


□ 


4. 


□ 


5. 


□ 


6. 


□ 
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Eicosapentaenoic Acid and Docosahexaenoic Acid Production 
Potential of Microalgae and Their Heterotrophic Growth 

Rema Vazhappilly and Feng Chen* 

Department of Botany, The University of Hong Kong. Hong Kong 



ABSTRACT: Twenty microalgal strains were investigated in 
photoautotrophic flask cultures for their potential for eicosapen- 
taenoic acid (EPA) and docosahexaenoic acid i.DHA) produc- 
tion. The highest EPA proportion i% of total fatty acids) was pro- 
duced by Xionodus subterraneus UTEX 151 (34.2%), followed 
by Chtorella minutissima UTEX 2341 (.31.3%) and Phaeodacty- 
lum tricomutum UTEX 642 (21.4%). The highest DHA propor- 
tion i% of total fatty acids) was obtained in Crypthecodinium 
cohnii UTEX LI 649 0 9.9%), followed by Amphidinium 
carterae UTEX LB 1002 (17.0%) and Thraustochytrium aureum 
ATCC 2821 1 (16.1%). Among the 20 strains screened, the EPA 
yield was high in SA. subterraneus UTEX 151 (96.3 mg/L), P. tri- 
comutum UTEX 642 (43.4 mg/L), Chi. minutissima UTEX 2341 
1.36.7 mg'L), and For. cruentum UTEX 161 {17.9 mg/L) owing to 
their relatively high biomass concentrations. The DHA yield 
was high in C cohn/7 UTEX LI 649 (19.5 mg/L) and A. carterae 
UTEX LB 1002 (8.6 mg/L). Heterotrophic growth of these 20 mi- 
croalgae was also tested on two different carbon sources, 
acetate and glucose. All microalgae except Nannochloropsis 
ocufata UTEX LB 21 64 showed growth on glucose (5 g/L) under 
heterotrophic conditions. Twelve of them could grow hetero- 
trophically when acetate (1 g/L) was used as their sole carbon 
and energy source. 
IAOCS 75, 393-397 (1998). 

KEY WORDS: Docosahexaenoic acid, eicosapentaenoic acid, 
n-3 fatty acids, heterotrophic, microalgae, photoautotrophic. 



Recent clinical and epidemiological studies have indicated 
that long-chain n-3 polyunsaturated fatty acids, such as eicos- 
apentaenoic acid (EPA, C20:5n-3) and docosahexaenoic acid 
(DHA, C22:6n-3), are important in the treatment of athero- 
sclerosis, cancer, rheumatoid arthritis, psoriasis, and diseases 
of old age, such as Alzheimer's disease and age-related mac- 
ular degeneration ( 1 2)- The eicosanoids, such as prostaglan- 
din, prostacyclin and leukotriene, derived from n-3 polyun- 
saturated fatty acids are also important in infant development, 
modulatory vascular resistance, and wound healing (2,3). 

Fish oil is the richest source of n-3 fatty acids and contains 
up to 30% of DHA and EPA (4). At present, fish oil is used 
for the commercial production of EPA and DHA. However, 
there are some limitations to using fish oil as a source of n-3 

"To whom correspondence should be addressed at Department of Botany. 
The University of Hong Kong. Pokfulam Road. Hong Kong. 
E-mail: sfchen^s hkusua.hku.hk. 



fatty acids, such as peculiar taste, odor and stability problems. 
Purification costs of these fatty acids from fish oil are also 
high. Because fish obtain n-3 fatty acids from zooplankton, 
which consume algae, research has become focused on devel- 
oping a commercially feasible technology to produce n-3 
fatty acids directly from microalgae (5). Several attempts 
have been made recently to develop a commercial het- 
erotrophic process for n-3 fatty acid production because pho- 
toautotrophic production is limited by the cells' mutual shad- 
ing and the consequent increase in downstream processing 
cost (6). Heterotrophic production of DHA by the dinoflagel- 
late Crypthecodinium cohnii, grown in fermentors, has just 
been commercialized by Martek Biosciences in Maryland (7). 
The advantages and limitations of heterotrophic growth of 
microalgae have been recently reviewed (8). 

Although the fatty acid composition and growth of mi- 
croalgae may be influenced by nutrients and environmental 
conditions, the fatty acid production potential of microalgae 
depends highly on primary strain selection for maximal fatty 
acid production. The industrial heterotrophic production po- 
tential of microalgae mainly depends on the ability of the se- 
lected strains to grow heterotrophically with good fatty acid 
compositions and yields. The aim of the present study was to 
screen and identify microalgal strains with high EPA and 
DHA yields and to test their heterotrophic growth potential. 

MATERIALS AND METHODS 

Organisms. The microalgae were obtained from culture col- 
lections (i.e., UTEX, ATCC, and CSIRO) as shown in 
Table 1 . 

Photoautotrophic growth. The media used for culturing 
these microalgae were prepared according to recommenda- 
tions by the culture collections (Table 1). All media were in- 
oculated with a 5% inoculum of exponentially growing cells. 
The microalgae were grown in 250-mL flasks that contained 
150 mL medium in batch mode at 25°C with intermittent 
shaking and continuous illumination (60/^E/m 2 s). 

Heterotrophic growth. The same media recommended by 
the culture collections were used. An inoculum (59c) of expo- 
nentially growing cells was used for inoculation. All microal- 
gae were grown separately on glucose (5 g/L) and acetate (I 
g/'L) in 250-mL flasks with 150 mL medium in batch mode in 
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TABLE 1 



Growth of Microalgae Under Photoautotrophic and Heterotrophic Conditions 3 







Culture 


Biomass 


On u 


On 






time 


concentration*' 


glucose 


acetate** 


Microalgae 


Medium 


i.d) 


(mg/L) 




\ 1 g/D 


A. carterae UTEX LB 1002 


Erd-Schrciber 


23 


499 


+ + + 




Amphidinium sp. CSIRO CS-2 59 


C2 


23 


330 


+ + + 


+ + 


Chaetoccros cafe i trans CSIRO CS-1 78 


f/2 


20 


409 


+ 




Chlorelfa minutissima UTEX 2219 


Proteose 


10 


894 




+ 


Chi minutissima UTEX 2341 


Artificial sea water 


10 


995 






Chroomonas satina CSIRO CS-1 74 .. 


t'E 


23 


157 






Crypthecodinium cohnii UTEX LI 649 


Porphyridium 


10 


1510 


+ + + + 


♦ + + 


Cryptomonas sp. UTEX LB 2423 


ES-Enriched seawater 


25 


316 






Isochrysis galbana UTEX LB 987 


Soil + sea water 


20 


871 ' 




+ 


Montxius subtcrraneus UTEX 1 5 1 


Proteose 


10 


2566 




+ 


Nannochloropsis oculata UTEX LB 2 164 


Erd-Schrerbcr 


25 


345 


_ 


- 


Pavlova tuthcri UTEX LB 1293 


Erd-Schreiber 


25 


235 


+ 




P. luthchATCC 50092 


Hcsnw 


25 


368 


+ 




Phacodactyfum tricornutum UTEX 642 


LDM 


to 


1934 


+ + + 


+ 


Porphyridium cruentum UTEX 161 


Porphyridium 


10 


964 


+ + 


+ 


Por. purpurcum CSIRO CS- 2 5 


f/2 


23 


456 


+ + 




Prorocentrum minimum UTEX LB 1995 


Erd-Schreiber 


20 


398 






Scbizochytrium aggrcgatum ATCC 28209 


By 


20 


488 


+ + + 


+■ +■ 


Thalassiosira pscudonana CSIRO CS-1 73 


C2 


25 


153 




4- 


Tbrauslochytrium aurcum ATCC 282 11 


By 


20 


101 


+ + + 


+ + 



•'Culture collections: UTEX — The Culture Collection of Algae at The University of Texas M Austin, Texas; ATCC — American Type Culture Collection, 
Rotkville. Maryland; CSIRO — CSIRO Marine Laboratories, Mobart, Tasmania. Australia. 

^Medium : Erd-Schreiber, proteose, artificial sea water, porphyridium, E5-en richer! se.nvatcr, soil + seawater and LDM (0); Hcsnw and By+ «By+ medium was 
prepared without ^lucosej ilO); f/2, C2 and ft medium compositions were provided hy CSIRO Marine* Lal>oratories. 
'Artificial seawater was used instead of natural seawater in all media. 
'^Photoautotrophic growth. 

''Heterotrophic growth: ♦ poor growth; + moderati' growth; + + + good growth. + + ♦ + excellent growth. 



darkness. The culture temperature was maintained at 25°C 
with continuous shaking at 200 rpm in an orbital shaker. 

Determination of biomass. The cell dry weight concentra- 
tion was determined according to the method previously re- 
ported by Chen and Johns (II). 

Extraction and purification of lipids. Lipids were extracted 
by modified procedures of Bligh and Dyer (12) and Chen and 
Johns (II). The cells were first homogenized with chloro- 
form/methanol/water (1:2:0.8, vol/vol/vol) for 2 min. An 
equal volume of chloroform and water was then added, to 
bring the final ratio of the mixture to 2:2: 1 .8, and the mixture 
was then homogenized for I min. The chloroform layer 
(lower) with the lipids was then separated, and the alcoholic 
layer (upper), which contained the residues, was reextracted 
twice with methanol/chloroform (2:1, vol/vol). 

The chloroform layers were combined and subjected to a 
"Floch wash" to remove all nonlipid contaminants ( 1 3). The 
mixture was washed with one-fourth of the volume of 0.88% 
(wt/vol) potassium chloride, followed by methanol/saline so- 
lution (1:1, vol/vol). The purified chloroform layer was then 
evaporated to dry ness under N 2 and weighed to get the total 
lipid content. 

Fatty acid analysis. The lipids were then transeste rifled by 
alkali catalysis ( ! 3). The lipid samples were dissolved in ben- 
zene (up to 100 mg in 2 mL). An appropriate amount of inter- 
nal standard, CI 7:0 (heptadecaenotc acid), was added at this 
stage. Sodium methoxide (0.5 M) in anhydrous methanol (2 



mL) was added, and the mixture was incubated at 50°C for 
10 min. Glacial acetic acid (0.1 mL), followed by water (5 
mL), was added, the esters were extracted with hexane (10 
mL), and the hexane layers were then concentrated under N 2 . 

The purity of fatty acid methyl esters was checked by thin- 
layer chromatography ( 13). The algal fatty acid methyl esters 
were run along with standard fatty acid methyl esters (Sigma 
Chemical Co.. St. Louis, MO) in hexane/diethyl ether (9: 1 , 
vol/vol) as the mobile phase. The fatty acid methyl esters 
were then used for gas-chromatographic analysis in an 
HP-6890 GC (Hewlett-Packard, Palo Alto, CA), equipped 
with a flamc-ionization detector and a Supelco (Bellefontc, 
PA) Omegawax™ 250 capillary column (30 m x 0.25 mm). 
The column and detector temperatures were kept at 210 and 
260°C, respectively. Nitrogen was used as the carrier gas. and 
the flow rate was kept at 2 mL/min. The injector was kept at 
250°C, with an injection volume of 3 /*L under splitless in- 
jection mode. Authentic standards (Sigma Chemical Co.) 
were employed for the identification of fatty acids. The fatty 
acids were identified by comparison of relative retention 
times and by calculation of equivalent chainlengths. The fatty 
acid contents were determined by comparing their peak areas 
with that of the internal standard (CI 7:0). 

RESULTS AND DISCUSSION 

Among the 20 microalgae tested under photoautotrophic con- 
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ditions, six showed good growth after 10 d. while the rest re- 
quired 20-25 d to produce significant biomass. The growth 
times, media, and biomass concentrations are shown in 
Table I . The fatty acid composition and the EPA and DHA 
yields, obtained from each species, are shown in Tables 2 and 
3, respectively. 

Monodus subterraneus UTEX 151, which is a freshwater 
strain, produced the highest cell dry weight concentration 
(Table I ). This alga also had the highest EPA proportion, EPA 
content, and EPA yield (Tables 2 and 3). Increased EPA pro- 
portion and content at a higher light intensity (90 ptElm 1 s) 
and at a lower temperature (20°C) were previously reported 
in M. subterraneus (14). The slight reduction in EPA propor- 
tion and content may be due to the higher temperature (25°C) 
and different culture conditions (e.g., light intensity) used. 
The inverse relation of temperature to EPA content in M. sub- 
terraneus was also reported by Iwamoto and Sato (15). 
Chlorella minutissima UTEX 2341 also had a high EPA pro- 
portion, content, and yield (Tables 2 and 3), although they 
were lower than for M. subterraneus. Even though Phaeo- 
dactyfum tricornutu/n UTEX 642 had lower EPA proportion 
and content than Chi. minutissima UTEX 2341 , the EPA yield 
was higher owing to higher biomass concentrations achieved. 
Porphyridium cruentum UTEX 161 also had high EPA pro- 
portion, content, and yield. 

Crypthecodinium cohnii UTEX L 1649 had the highest 
DHA proportion and yield among all 20 microalgal strains. 
Amphidinium carterae UTEX LB 1002 also had a high DHA 
proportion and yield. Although the DHA proportion and con- 
tent of A. c arterae UTEX LB 1002 were comparable to Cr. 
cohnii UTEX L 1649, the yield was much lower due to lower 
attainable biomass concentration (Table I ). Thraustochytrium 
aureum ATCC 2821 ! also had a relatively high DHA propor- 



tion and content, but the yield was low owing to poor biomass 
concentration (only 0.1 g/L after 23 d of cultivation). The 
DHA proportion and content of Thr. aureum ATCC 2821 1 
were both lower than those of another Thr. aureum strain 
(ATCC 34304) reported by Bajpai e t al. (16). 

Although the EPA yield (17.9 mg/L) was low in Par. cru- 
entum UTEX 161 , the EPA yield (Table 3) obtained from Chi. 
minutissima UTEX 2341 and Ph. tricornutum UTEX 642 
were high compared to the screening results obtained from 
the same strains by Yongmanitchai and Ward (17) owing to 
higher biomass concentrations. This is probably due to the 
different growth conditions used. The EPA contents (% of 
biomass) of Chi. minutissima UTEX 2341 and Par. cruentum 
UTEX 161 were low compared to the results of Yongman- 
itchai and Ward (17). This may be due to the effects of cul- 
ture conditions, especially temperature and aeration. In their 
experiments, a lower temperature (20°C) and higher aeration 
rate (75 mL/min) were employed. Among the 20 microalgae 
tested, Amphidhuum sp. CSIRO CS-1 74, Chaetoceros calci- 
trans CSIRO CS-178, Cryptomonas sp. UTEX LB 2423, 
Isochrysis galbana UTEX LB 987, Pavlova lutheri ATCC 
50092, Schizochytrium aggregation ATCC 28209, and Tha- 
lassiosira pseudonana CSIRO CS-173 also contained signifi- 
cant proportions of EPA (Table 2). The EPA and DHA con- « 
tents were not reported in the specific strains of microalgae '■ 
used in this experiment except in A. carterae UTEX LB 1002, 
Chi. minutissima UTEX 2219, Chi. minutissima UTEX 2341 , 
M. subterraneus UTEX 1 5 1 , Ph. tricornutum UTEX 642, and 
Par. cruentum UTEX 161 (Tables 2 and 3). 

The high accumulation of arachidonic acid (ARA, 
C20:4n-6) with EPA or DHA is disadvantageous because 
ARA can cause deleterious health effects and problems in * 
EPA recovery (17-19). The ARA content was relatively low • 



TABLE 2 

Fatty Acid Compositions of Microalgae (% of total fatty acids)' 



Mkro.il^ac 



A. carterae 
Amphidinium sp. 
Cha. ca lei trans 

Chi. minutissima (UTEX 22 1 9) 

Chi. minutissima (UTEX 2341) 

Chr. sat in j 

Crypth. cohnii 

Cryptomonas sp. 

/. gal ban a 

M. subterraneus 

N. oculata 

Pa. lutheri (UTEX LB 1293) 

Pa. lutheri (ATCC 50092) 

Ph. tricornutum 

Por. cruentum 

Por. purpureum 

Pro. minimum 

5. aggrcgatum 

Tha. pseudonana 

Thr. aureum 



14:0 


14:1 


16:0 


16:1 


18:0 


18:1 


18:2 


18:3 


20:4 


20:5 


22:5 


22:6 


5.4 


2.1 


30.9 


7.1 


10.5 


0.3 


5.6 


3.1 


1.6 


15.1 


13 


17.0 


7.8 


0.6 


28.0 


23.7 


6.7 


8.5 


4.7 


0.8 


1.1 


16.3 


1.8 


0.0 


7.0 


1.4 


27.5 


26.5 


7.2 


0.1 


4.9 


1.0 


1.1 


188 


4.5 


0.0 


11. 4 


2.7 


30.5 


26.8 


4.9 


3.3 


0.3 


10.3 


2.6 


3.3 


3.9 


0.0 


0.7 


4.7 


11.9 


15.0 


7.8 


12.0 


6.3 


4.6 


5.6 


31.3 


0.1 


0.0 


12.0 


5.1 


22.6 


21.9 


2.0 


0.3 


19.7 


3.1 


4.1 


8.2 


1.0 


0.0 


4.4 


16.9 


20.6 


22.6 


9.0 


0.3 


2.3 


1.1 


0.9 


0.0 


2.0 


19.9 


7.9 


1.0 


21.7 


17.1 


15.6 


3.2 


1.4 


1.8 


2.8 


16.6 


0.7 


10.2 


3.5 


2.7 


28.2 


19.3 


6.7 


0.3 


4.0 


12.9 


1.2 


16.6 


1.0 


3.6 


0.1 


12.7 


18.7 


10.1 


0.9 


5.4 


2.4 


0.4 


13.7 


34.2 


1.4 


0.0 


3.0 


3.2 


28.8 


14.5 


4.1 


3.3 


10.0 


14.1 


5.1 


5.5 


1.3 


7.1 


8.6 


7.6 


22.8 ' 


4.6 


11.5 


0.6 


20.3 


1.4 


6.8 


3.9 


4.2 


7.7 


13.4 


3.0 


10.7 


3.2 


12.6 


7.5 


9.2 


9.0 


5.4 


14.3 


5.9 


5.8 


6.6 


2.7 


14.0 


33.9 


0.0 


7.2 


4.0 


0.7 


3.2 


21.4 


5.8 


0.5 


0.3 


17.5 


35.5 


8.5 


0.0 


0.0 


1.3 


0.0 


17.2 


19.7 


0.0 


0.0 


0.1 


2.8 


37.9 


1.4 


13.7 


4.4 


8.1 


8.6 


5.8 


6.7 


10.5 


0.0 


6.3 


2.9 


33.2 


2.8 


17.8 


0.3 


6.1 


10.6 


2.7 


8.7 


2.7 


5.9 


2.6 


2.7 


15.3 


18.6 


8.0 


1-4.7 


15.1 


0.6 


7.2 


15.7 


0.0 


0.0 


5.8 


0.8 


31.7 


17.6 


2.0 


5.4 


2.9 


0.6 


9.2 


10.8 


6.7 


6.5 


0.3 


8.9 


8.5 


5.4 


6.7 


7.8 


10.5 


15.2 


12.1 


4.5 


4.0 


16.1 



'Sec Table 1 for abbreviations. 
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TABLE 3 

Etcosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA) 
Yields of Microalgae 4 





EPA 


DHA 


EPA 


DHA 


of biomass of biomass 


yield 


yield 


Microalgae 


(% w/w) 


{% w/w) 


(mg/L) (rng/L) 


A. carterae UTEX LB 1002 


1.5 


1 .7 


7.7 


8.6 


Amphtamium sp. C5IKD Lb-z:>9 


i 


0.0 


4.0 


0.0 


L/»a. caicurans 1 / o 




n n 


4.2 


0.0 


mi'iml/fr/mi 1 ITCV TITO 


U.J 


U.U 


2.7 


0.0 


mimtticcima ! ITPY ^141 

en/. rnfnuii55irna kj i ca z j*t i 




n n 


36.7 


0.0 


cnr. sauna v_dikvj v_o- i . 


n a 




U.O 


U.U 


Crvoth cohnii UTEX L 1 649 


0.0 


1.3 


0.0 


19.5 


Oyp/omonas sp. UTEX LB 2423 


1.0 


0.6 




L .U 


/. galbana UTEX LB 987 


0.9 


0.2 


8.0 


1.7 


M subterraneus UTEX 151 


3.8 


0.0 


96.3 


0.0 


N. ocu/afa UTEX LB 2164 


0.6 


0.7 


2.0 


2.6 


Pa. lutheri UTEX LB 1293 


0.2 


0.5 


0.6 


1.1 


Pa. /u/heWATCC 50092 


0.8 


0.3 


3.0 


1.2 


Pha. thcornutum UTEX 642 


2.2 


0.06 


43.4 


1.08 


Po/-. cruentum UTEX 161 


1.9 


0.0 


17.9 


0.0 


Por. purpureum CS1RO CS-25 


0.8 


0.0 


3.7 


0.0 


Pro. minimum UTEX LB 1995 


0.6 


0.4 


2.3 


1.5 


5. aggrcgatum ATCC 28209 


1.2 


0.0 


6.1 


0.0 


TTij. pscudonana CS1RO CS-1 73 


0.5 


0.3 


0.8 


0.5 


Thr. aureum ATCC 2821 1 


0.3 


1.0 


0.3 


1.0 


'Set; Table 1 for abbreviations. 










in all 20 microalgae except 


in Por. 


cruentum UTEX 


161, 



which is a well-known species for ARA or EPA production, 
depending on the environmental conditions used (19-21). 
Optimization of growth conditions, such as temperature and 
salinity, can reduce ARA content and enhance EPA accumu- 
lation in Por. cruentum (20,2 1 ). 

Out of the 20 microalgae screened, M. subterraneus 
UTEX 151, Ph. tricornutum UTEX 642, Chi. minutissima 
UTEX 2341 , Por. cruentum UTEX 161 , and Crypth. cohnii 
UTEX L1649 yielded significant amounts of EPA or DHA 
(18-96 mg/L) (Table 3). When considering the individual 
production of EPA and DHA attributable to their different nu- 
tritional and pharmacological importance, it is desirable to se- 
lect strains that contain less EPA for DHA production or vice 
versa, to minimize problems associated with downstream pro- 
cessing (17). For example. Crypth. cohnii UTEX L 1649 was 
the best potential strain for DHA production, which yielded 
more than 19 mg/L of DHA, without production of EPA 
(Table 3). In contrast, A. carterae UTEX LB 1002 yielded 
about equal amounts of EPA (7.7 mg/L) and DHA (8.6 mg/L). 

The screening results indicated that M. subterraneus UTEX 
151 was the alga with the best potential for EPA production, 
with high biomass, high growth rate, high EPA, and absence 
of DHA. Crypthecodinium cohnii showed characteristics for 
good DHA production, such as high biomass, high growth 
rate, high DHA content, and complete absence of EPA. 

The EPA and DHA proportions and contents of some 
strains obtained in this study are lower than those reported by 
other investigators. This is probably due to the effects of cul- 
ture conditions, such as temperature and aeration. The ex- 
treme sensitivity of unsaturated fatty acid composition to 



growth temperature, to maintain membrane fluidity, is re- 
ported by many researchers (19,22,23). Fauy acid uhsatura- 
tion due to changes in growth temperature is associated with 
dissolved oxygen concentration in batch culture (24) and also 
depends on the availability of intracellular molecular oxygen 
(25). In this screening study, aeration was not provided (only 
intermittent shaking), and because the optimal temperature 
for maximal fatty acid unsaturation may vary in each species, 
the temperature used (25°C) might not be optimal. 

The growth of microalgae on glucose and acetate under 
heterotrophic conditions was also investigated (Table 1). All 
microalgae except Nannochloropsis oculata UTEX LB 2164 
showed heterotrophic growth when glucose was used as the 
sole carbon and energy source. Twelve of them could grow 
heterotrophically on acetate. 

Out of the 20 microalgae tested (Table I), Crypth. cohnii 
UTEX LI 649 showed excellent heterotrophic growth on glu- 
cose. Amphidinium carterae UTEX LB 1002, Amphidinium 
sp. CS1RO CS-259, Ph. tricornutum UTEX 642, S. aggrega- 
tum ATCC 28209, and Thr. aureum ATCC 2821 1 also showed 
good heterotrophic growth on glucose. 

When acetate was used as the sole carbon and energy 
source, only Crypth. cohnii UTEX L 1649 showed good het- 
erotrophic growth, while several other strains, Amphidinium 
sp. CSIRO CS-259, 5. aggregation ATCC 28209 and Thr. an- 
re urn ATCC 28211, showed moderate growth on acetate. 
Table i shows that the preferred organic substrate for het- 
erotrophic growth is glucose for all strains tested. We are not 
sure whether this difference is due to the high concentration 
of acetate (I g/L) used because acetate might be inhibitory to 
microalgae above certain concentrations (26,27). An acetate 
concentration of 0.4 g/L or more was found to be toxic to a 
green microalga, Chlamydomonas reinhardtii, grown het- 
erotrophically. 

Although a decrease in fatty acid unsaturation was reported 
in heterotrophic cultures of microalgae owing to the accumu- 
lation of triglycerides, some recent studies indicated that fatty 
acid unsaturation might increase or decrease under het- 
erotrophic conditions, depending on the algal strains employed 
(28,29). Studies are going on in this laboratory to further iden- 
tify potential heterotrophic EPA- and DHA-producing mi- 
croalgae and to develop a heterotrophic high cell density 
process for the production of n-3 polyunsaturated fatty acids. 
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PRODUCTION OF GAMMA -LrNOLENIC ACID BY MVCOR CIRCJNELLOIDES 
AND MVCOR R0VXI1 WITH ACETIC ACID AS CARBON SUBSTRATE 
J C du Preez*. M. Immelman, J.L.F. Kock and S.G. Kilian 

Department of Microbiology and Biochemistry / Sasol Centre for Biotechnology, 
University of the Orange Free State, P.O. Box 339 f 9300 Bfoemfontein f South Africa 

SUMMARY 

The production of gamma-linolenic acid (GLA) by Mttcnr circinelloides CBS 203 .23 and 
W. rouxii CBS 416 77 in fed-batch cultures operated in pH-stat mode with acetic acid as 
carbon substrate and titrant compared favourably with the performance ot M. ciranclloides 
in batch culture on glucose. On acetic acid M. circinelloides accumulated up to 39.8 mg 
GLA/g biomass, with a crude oi! content of 23% containing 91% neutral lipids. The GLA 
content of the neutral lipid fraction was 15.6%. 

INTRODUCTION 

Garnma-linolenic acid (GLA), an 15:3 06 polyunsaturated fatty acid, is used in the 
treatment of various illnesses such as rheumatoid arthritis (Jantti et of., 1989), multiple 
sclerosis (Barber, 1988), atopic eczema (Scott, 1989). schizophrenia (Horrobin, 1979), 
premenstrual syndrome (Khoo et a/., 1990) and, being a precursor of prostaglandins 
(biologically active lipid hormones), it is also of pharmaceutical interest (Weete and 
Ghandi, 1992). Moulds of the Zygomycetes, especially the Mucorales, are known to 
accumulate GLA in the mycelium (Shaw, 1965). Currently the only commercial plant for 
the production of GLA of funga! origin, using. Kfortierella^ is in Japan (Ratledge, 1993). 

Acetic acid is a feedstock commonly used in the chemical industry (Shreve, 1967). 
Aqueous acetic acid solutions are also a by-product of certain industrial synthetic processes 
(Cama and Edwards, 1970). Because it is a cheaper feedstock than the carbohydrate 
substrates typically used in industrial fermentation processes, acetate has potential as 
carbon feedstock for microbial processes. Unfortunately, acetic acid is inhibitory to 
microbial growth (Sestakova, 1979; Noda W ai. t 19S2; Moon, 19S3). Thus, in this 
investigation on the production of GLA by two Mucor species grown on acetic acid, fed- 
batch cultures operated in a pH-stat mode with acetic acid as titrant and carbon source were 
used to facilitate a constant low concentration cf acehc acid throughout the cultivation. A 
nitrogen limitation, known to enhance lipid accumulation (Moreton. 198S, Ratledge, 1991), 
was also imposed on the culture. Recently we reported on the use of this procedure to 
demonstrate that a certain strain of M. circinelhiJes produced both GLA and a cocoa butter 
equivalent from acetic acid (Kock and Botha, 1994; Roux et al , 1994). In the present study, 
however, the focus was on evaluating selected strains of Mucar in terms of GLA 
production with acetic acid as carbon and energy source. 
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MATERIALS AND METHODS 



Microorganisms. Mucor circinelloides CBS 203.28 (type strain) and Mucor rotaii CBS 
416 .L o , culture collection of this department. These moulds were maintained 

on 4% Sabouraud dextrose (SAB) agar at 4°C. 

Preparation ofinocula A spore inoculum was prepared by streaking out spores from fresh 

SAB-agar slants onto a Petri dish with SAB agar, incubating for 2 to 3 days at 30°C and 

subsequently washing off the spores with a 0.05 M K,HPC< buffer solution at pH 8 0 1 m! 

of which was used to inoculate a second Petri dish. After further incubation for 2 to 3days 

VZ°?l w f«X ashed of I with , ,he ? bove buffer solution containing 0.1% Tween 80 

concentS of'noT, IT^^h 3 ? d * USed ,0 inocu,ate thc Reactor to an initial 
concentration of 120 to 180x10^ spores/ml. Spore counts were done in Fast-read 10 

counting chambers (Davies Diagnostics, Randburg) 

;n™,i a .^??fn Ve i, in0Cul1 ^ f °^, b i ore , actor cultivation on acetic acid was prepared by 
^lm? 8 nJJ con, » n, »8 900 ml medium at an initial pH of 5.5 with about lxl(? 

2n^S- ,IVa i °" °" l Iucose was P re P ar ed in a similar fashion as above, but 
startmg with mycelium and spores from 3-day old YM slants containing yeast extract malt 
extract and glucose, and the KN0 3 in the medium was replaced with 3 I sodium dutaiilte 
An inoculation density of 0.4 to 0.68 g/1 was used. gmtamate. 

S^, t ! w « , ?l: A 14 1 stirred tank reactor (STR) (Chemap 3000 Chemao AG 
Vo ketswil), fitted with three disk turbine impellers and us ng a working volume onO 9 1 

^ri, USed /°n^ ItlV ^° n ^ c aCeti f acid ^ medium contained (per litre ■ S fed water ' 
citric acid, 0.16 g; NH 4 CI. 0.5 g; MgS0.7H,0, 0.5 g; KH PO 88 a CaCl 2R.O 0 03 
g, yeast extract, 0.5 g and trace element according ?o du Pre£ ISA^S^inS 
When a spore inoculum was used, 0.5 g glucose was added to facilitate germination After 
Zttt^r^T of ^^vV'T 1 * solution of sodium acetate wa^ ™ded to give ?Si 
7 m M a ow lit concentration of 2 g/1 and the medium adjusted from pH 5 6 to pH 7 with 
JthM k fw^f a, L OW '" g ?, h / or 5P.ore germination, the medium was adjusted to P H 6 
^Sr ?rM^f^ a ? d iT tr01 Cd V hl% u P ? vau ? ^ ^^atic 'ifation with concentrated 
acetic acid diluted 1:1. (by volume) with d.st.lled water. When a vegetative inoculum was 
used the medium was adjusted to pH 6 with 7 M NaOH immediately after inoculation The 
dissolved oxygen tension (DOT) in the medium was maintained at or above 20% of 
™t™i «r £ y manuaU >' '"creasing the air flow rate from 9 to 11 1/min and by automatic 
control of the stirrer speed in the range of 200 to 550 r/min. 

Batch cultivations on glucose were conducted in a 5 I STR, using a 4 1 workins 
volume equipped with three open turbine impellers and controlled at pH 5 5 with 2 M 

nnfi^S' Sp .- ed % f . 7 °° r ^ in at an aera,ion rate of 2 ,/mm maintained the 

nSJ^rX n ^: °a S rW« -7 he med,um wa , s as above - but wi,h no ci '»c acid, 1.7 g 
0*^4)2 SO J l '"stead of NH 4 CI, 1 g yeast extract/I and 50 g glucose/1. b 

Analytical procedures. The biomass concentration was gravimetrically determined in 
duplicate by filtration of 10 ml aliquots through prc-dried and weighed glass microfibre 
tillers (Whatman GF/D or GF/A), washing with distilled water and drying at I05°C Acetic 
acid was determined with a Hewlett-Packard 5830A gas chromatograph equipped with a 
flame lonisation detector and a 30 m x 0.53 mm Nukol™ fused silica capillary column 
(Supelco Inc., Sulco Park. Bellefonte), using nitrogen gas as carrier (10 ml/min) and linear 
temperature programming at a rate of 6°C/min up Jo 175°C following an initial 3 min 
penod at 100°C. Each sample was acidified with formic acid (4% v/v, final concentration) 
pnor to injection of a 1 pi sample. Nitrogen concentrations were determined by the 
mdophenol method (Chaney and Marbach, 1962). Biomass was harvested by filtration 
frozen for 24 h at -20°C, lyophilized and the lipids analysed according to Kock and 
Ratledge (1993). The fatty acids were determined by injection of I pi samples into a Varian 
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3300 gas chromatograph equipped with a flame ionisation detector and a 30 m x 0 75 mm 
glass capillary Supefco Wax 10 co umn (Supelco Inc Sulco P«U n»ii.#i„»-\ • 

uZSSSc?^" (5 m],m \ n l and linear -^S^'i^^J^S^ti^ 

up to 245°C following an mitral 3 mm period at 145°C. v J wmin 

Deterntination of oxygen solubility and uptake. The solubilitv ofnyvo^ in 

barometric pressure, was used in the calculations correcting for temperature and 

RESULTS AND DISCUSSION 

resulted m the form at, on of a populauon consisting of yeast-like cells as well as short 
sparsely branched mycelial fragments. Echanol was also produced. Dimorph.sm in certain 
Mucor spec.es ,s well documented and the transition to a yeast-like morphology e 
sphencaI mult.po.ar budding cells, is induced by microaerobiosis or by microaerobbs'is in 
combmatton w.th a htgh C0 2 level or glucose concentration (Bartnicki-Garcia. 1963 96 
Bartn.cki-Garcia and Nickerson, 1962; Ruiz-Herrera, 1993) 

h«w mCth ° d ° f KaPPe " FiCCh,er (!98,) d, ' d n0t indicate 3 si S" ificant difference 

between the oxygen solubility in distilled water and in the culture medium containing 

oT t^d ; S P ;° bably bCCaUSe n,ediUm C ° ntained ^ >™ concentrations of 
solutes and not, as w.th most culture media, a high concentration of sugar. Therefore the 
oxygen so.ubt ty value for distil.ed water was used for converting the readings ob led 
with the d.sso.ved oxygen probe to oxygen concentration. With M. circineUoides the 
h.ghest values of the specific rate of oxygen uptake ( q 0 2 . 170 mg/g biomass h) and the 
nncal dtssolved oxygen concentration (C £fil , 0.98 mg 0 2 /l, equivalent to a DOT value of 
15/o of air saturate) were obtained during the exponential growth phase (Table 1) These 
values subsequently decreased with the decrease in growth rate. The C cril values were in 
close agreement with those reported for another strain of M. circinelhSes grown under 
comparable conditions (Roux era/., 1995). 

In eukaryotic microorganisms the introduction of a double bond into a fatty acy] 
cham mvolves a mono-oxygen.se catalysed reaction requiring NADPH and molecular 
oxygen (Rattray ,/ a/., 1975). Thus, oxygen availability can be expected to affect 
esaturat.on (and. therefore, also GLA synthesis), as was reported by others (Choi era/ 
1982; Dav.es et a/., 1990. Roux ct «/.. 1995) Because the data of Roux cf al (,995)' 
suggested that DOT values above theC cm value for respiration may affect desaturation in 

no^'T^f • CU,tiva,i0ns on acc<ic acid ^re, therefore, conducted at a constant 
L»UI or 20% salutation. 

The fed-batch. pH-stat mode of cultivation enabled the acetic acid concentration in 
the culture to be maintained at about 2 g/l to m.nimize inh.bitory effects. Typical results are 
presented m Table 2. Not surprisingly, an act.veiy growing vegetative inoculum as opposed 
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Table I. The specific oxygen uptake rate (q0 2 ) and critical dissolved oxygen 
concentration (C cri( ), also expressed in terms of the corresponding percentage 
of saturation, of M. cfrcinc /hides at different time intervals during fed-batch 
cultivation on acetic acid. The mean values of three to four determinations and 
the corresponding standard deviation of the mean (in brackets) are given. 



Time (h) 


q0 2 

mg (tyg.h 




—Ccril 


mg 0 2 /l 


% of saturation 


7 


169.8 (il 41) 


0.983 (±0 08) 


1 5.2 (±1.29) 


24 . 


46.7 (±2.07) 


0.796 (±0.12) 


12 3 (±1 86) 


55 


24 2 (±3.04) 


0.460 (±0.08) 


7.2 (±1.30) 




20 40 60 
Time (hours) 




100 



90 S 



CD 



20 40 60 80 100 
Time (hcurs) 



Figure 1. Fed-batch cultivation profile 
of Mucor circmelloides on acetic acid 
concentration of 2 g/l acetic acid using a 
vegetative inoculum. Symbols: • Acetic 
acid titrated; ■ nitrogen, A biomass; 
□ GLA content of the neutral lipid 
(NL) fraction; O GLA content of the 
biomass; A mg GLA/1 culture; 
♦ crude oil content of the biomass. 



Figure 2. Changes in lipid composition of 
the crude oil and fatly acid profile of the 
neutral lipid fraction (NL) of 
Mucor circittelloides grown on acetic acid, 
using the vegetative inoculum. Symbols: 
160(a); 16:1(A); 18:0(A); 18:1 (▼); 
18 2 (v); 18:3 (O); neutral lipid (■), 
glycolipid (•) and phospholipid (O) 
fraction. 
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Table 2. Comparison of growth, lipid and gamma-Iinolcnic acid (GLA) accumulation by 
^oMucor spec.es grown in fed-batch cultures with acetic acid as carbon source and in 
batch culture with glucose. 

Parameters 



Acetate 1 



Ceil concentration (g/I) 6.79 

Y x/s 0.25 

Mmax (h* 1 ) 0 30 

GLA content (% of NT.) 1 i s 

GLA content (mg/g biomass) 30.4 
GLA concentration (mg/1 culture) 206 

Y GLA (g GLA/g substrate) 0.OO8 

Qp (mg GL A/1 culture, h) 2.54 

% Crude oil in biomass 26.3 

% NL in cru de oil 90.8 



r ouxii 
Acetate 2 



Y CLA GL A )icJd coefficient on carbon 

substrate assimilated. 
Y x/s Biomass yield on carbon substrate 

assimilated, 
^max Maximum specific growth rate. 
Qp Overall volumetric rate of GLA 
production. 



8.53 

0.31 

0.20 

13.7 

34.0 

290 

0.01 

2.78 

27.6 

89.8 



Mucor circme ll oides 

Acetate 1 Aceta te 2 Glucose 3 



7.85 
0.27 
0.19 
13.5 
36.6 
287 
0.01 
2.19 
31.3 
86.7 



8.53 
0.30 
0.25 
15.6 
39.8 
339 
0.012 
3.74 
28.0 
91.2 



110 

0.25 
0.28 
163 
35.5 
390 
0.01 
4.59 
24.2 
90.0 



NL Neuual lipid fraction of crude oil. 
Spore inoculum, 100 h cultivation time 
Yeast-like vegetative inoculum, 80 h culth-alion 
time. 

3 Yeasl-lilce vegetative inoculum. 85 h cultivation 
time. 



to a spore inoculum gave the better performance in terms of most of ,h„ 

probably because of the time required for spore germinatZ ^ ^ ZcTof 

lz c Tt: : T 6 condi,ions was cons,s,ent)y *™Z7m 

rouxu. The best results obtamed with M. drdveltoicles are shown in Tabfe 2 where the 
GLA content exceeded 15* of the NL fraction and amounted to 39. 8 mg/g b omat wh ch 

un 3 ^ * TT ° f C ° ntainmS 9,0/0 neUtra ' ^ ™ e fil --tOUS nature 
ung rendered the tak.ng of homogeneous samples required for the accurate detect 
of the btomass concentration difficult, so that the growth rates indicated in Table 2 may be 
.uesaonable. The final biomass concentrates and yields .ere based on the tuLmoun 
of biomass harvested at the end of the cultivation. 

A cultivation profile of M. aranelhides on acetic acid is shown in Fi* 1 

occun-ed. Thereafter, b.omass accumu.ation and acetic acid a S simi,a,ion proceeded at a 
s.gmficantly slower rate. Although there was only a relatively slight increase T„ 1 
,n,race.lu.ar lipid content of the biomass. its GLA content increased Zl ly afte 
n, rogen deplete. This, together with the increase in ,he biomass concentration resulted in 
alarge mere** m the amount of intracellular GLA per volume of culture 

In batch cultures on glucose. M. cfrcindloides reached a higher biomass 
concentration w.thtn a shorter period of time than on acetic acid (Table 2). even though the 
amounts of the mocu.a were simitar. Apart from that, the cultivation parameters were qui 
s.rmlar to those obtained with acetic acid as carbon substrate. These results indicate ,ha, the 
use of acet,c acd as carbon feedstock for the production of fungal GLA i s feasible 
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The fatty acid and lipid fraction profile over time obtained with M. circfnelloides is 
shown in Fig. 2. Towards the end of the cultivation the neutral lipid fraction increased to 
more than 90% of the oil, concomitant with a large decrease in the glycolipid fraction. The 
glycolipid and phospholipid fractions constituted 4.5% and 4.3%, respectively, of the oil. 
The fatty acid profiles of M. circfnelhides and M. rouxii grown on acetic acid did not differ 
greatly. Oleic acid (18; I) was the most abundant fatty acid at about 34%, followed by 
palmitic acid (16:0) at about 23% of the total fatty acids. 
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acetate is used as carbon source, independently of the kind of microorganism. 
Therefore, the content of D3 will suggest to the skilled person, when trying to keep 
the pH at a desired value for optimal production of DHA in response to an 
increase in the pH, to use a pH-stat mode in the culture of D1 where acetate is 
simultaneously used as titrant and carbon source. Therefore, the subject-matter of 
claims 4,5,7 is not inventive (Art. 33(3) PCT). 

Arguments against the inventive step of the process claims 1-3, 28 and 29 can be 
raised also by combination of the disclosure of D1 and D2 since the acetic acid is 
an evident and cheaper alternative to glucose in fermentation cultures and it is 
well known from D1 that C. cohnii growth very well in acetate (see D1 , p. 396, RH 
col. 4th paragrah). 

The inventive merit of the subject-matter of claims 6,8-14,16, 17, 21-24 and 27 is 
not evident at present. See, for instance, pH ranges and yeast concentrations of 
D2 (col. 4, I. 55- col. 5, I. 22). Moreover, the optimisation of individual parameters 
seems to be within the customary practise of the skilled man. 

Re Item VII 

Certain defects in the international application 

Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 and D3 is not mentioned in the description, nor are 
these documents identified therein. 

Re Item VIII 

Certain observations on the international application 

1 . The Applicant should note that the phrase "for the synthesis of docosahexaenoic 
acid by the microorganism" in claims 28 and "for the synthesis of polyunsaturated 
fatty acids by the microorganism" in claim 29 has no limitting effect on the 
methods proposed (PCT Guidelines, III, 4.8). On the other hand, the phrase 
"synthesising docosahexaenoic acid/polyunsaturated fatty acid" defines merely 
the result to be achieved without defining the technical features needed for 
achieving this result (Art. 6 PCT and PCT Guidelines, III, 4.7). The technical 
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features necessary for achieving this result have not been provided for claims 28 
and 29. 

2. It is doubtful that any microorganism can grow in presence of any acidic organic 
species as carbon source. The skilled person can think in many acidic organic 
compounds, for instance, proteins which contain carboxylic acids, antibiotics like 
penicillin or ampicillin, or other acidic organic species like benzoic acid, which can 
hardly be used as carbon source by any microorganisms, and, even more, these 
acidic organic compounds can even be toxic for it (refer to claims 28 and 29). 

Therefore, claim 28 and 29 does not fulfil the requirements of Art. 5 and 6 PCT 
due to the lack of limits of the technical features mentioned in said claims, ie 
microorganism and organic species, in order to secure the synthesis of DAH or 
other polyunsaturated fatty acids. These limits are also considered necessary to 
allow the skilled person to reduce the invention to practice without undue 
experimental efforts (Art. 5 PCT). In this respect, it is noted that the experimental 
data actually only refer (support-Art. 6 PCT) to six C. cohnii strains and acetic acid 
as carbon source and that the feature "synthesising docosahexaenoic 
acid/polyunsaturated fatty acid" is not considered to be able to overcome this 
objection. 

3. It is doubtful that any "genetically modified variant" (claim 1) can produce DHA 
(Art. 6 PCT). On the other hand, it would appear that the subject-matter of claim 1 
is not substantially supported in the description (Art. 6 PCT). Thus, only acetic 
acid/acetate has been shown as carbon source. 

4. The term "about" used in claim 20 and 27 and throughout the description in 
connection with numerical values renders the scope of said claims unclear (Art. 6 
PCT). 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -23 as originally filed 

Claims, No.: 

1 -33 with telefax of 31/08/2001 

Drawings, sheets: 

1/7-7/7 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

the claims, Nos.: 34-39 
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□ the drawings, sheets: 

5 □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 
see separate sheet 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 

B claims Nos. 33. 



because: 



the said international application, or the said claims Nos. with respect to industrial applicability relate to the 
following subject matter which does not require an international preliminary examination (specify): 
see separate sheet 



□ the description, claims or drawings (indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2 A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
' and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Admm.strat.ve 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 
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□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. K This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

all parts. 

□ the parts relating to claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


4-14, 16, 17, 21-24, 27 




No: 


Claims 


1-3, 15, 18-20, 25, 26, 28-33 


Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


4-14, 16, 17, 21-24,27 


Industrial applicability (IA) 


Yes: 


Claims 


1-32 




No: 


Claims 


33 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
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Re Item I 

Basis of the report 

The amendments filed with the fax dated 31 .08.01 meet the requirements of Article 
34(2)(b) PCT. 

Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claim 33 relates to the use of a microorganism which produces docosahexaenoic acid 
(DHA) or a polyunsaturated fatty acid, as a food or food complement. It is known that 
DHA and other polyunsaturated fatty acids are important in the treatment of several 
diseases and infant development (see D1 , p. 393, 1st paragraph of the Introduction). 
Therefore, said claim relates to subject-matter considered by this Authority to be 
' covered by the provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be 
formulated with, respect to the industrial applicability of the subject-matter of these 
claims (Article 34(4)(a)(i) PCT). • < 

For the assessment of the present claim 33 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. The EPO, for 
example, does not recognize as industrially applicable the subject-matter of claims to 
the use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a compound for 
the manufacture of a medicament for a new medical treatment. 

Re Item IV 

Lack of unity of invention 

In the light of the prior art disclosed in D1 and D2 (see below), the problem underlying 
the present application is the provision of alternative methods for the production of DHA 
or polyunsaturated fatty acids by a microorganism, compositions of said fatty acids, 
microorganisms used for their production and their use. The solution proposed to this 
problem disclosed and claimed in the present application consists in the methods of 
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claims 1 , 28 and 29, the compositions of claims 25, 26, 30 and 31 , the microorganisms 
used for the production of said fatty acids of claim 32 and the method of use of claim 
33. Due to the fact that methods to obtain DHA or polyunsaturated fatty acids, their 
compositions, the microorganisms used for their preparation and uses are known and 
due to the fact that no further common technical features can be distinguished which, in 
the light of the prior art can be regarded as especial technical feature establishing 
novelty and contributing to the inventive step with respect to D1 and D2, the IPEA is of 
the opinion that there is not single inventive concept underlying the claimed inventions 
of the present application in the sense of Rule 13.1 PCT. Consequently the application 
lacks unity "a posteriori" and claims 1 , 28, 29, 25, 26, 30, 31 , 32 and 33 are considered 
as independent inventions. 

The following 7 inventions are found: 

a) Alternative methods of preparation of DHA (1 invention) 1. Claim 1-24, 27, 28 (all 
complete) 

b) Compositions of DHA (2 inventions): 1. Claim 25 (complete), and claim 30 (insofar 
as DHA in concerned) 2. Claim 26 (complete) and claim 31 (insofar as DHA is 
concerned) 

c) Alternative methods for the preparation of polyunsaturated fatty acids (1 invention): 
Claim 29 (insofar as DHA is not involved); 

d) Compositions of polyunsaturated fatty acids (2 inventions): 1. Claim 30 (insofar as 
DHA in not involved) and 2. Claim 31 (insofar as DHA is not involved); 

e) Microorganisms and used of said microorganisms (1 invention): 1. Claim 32 
(complete) and claim 33 (complete). 

However, and due to the amount of novelty objections, the lack of unity is, at present, 
not raised but the Applicant should bear in mind that in further examination stages or in 
the Regional Phase, if the unity defects still remain, that he will be requested to either 
restrict or subdivide the subject-matter of present application to the different inventions. 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1 : VAZHAPPILLY ET AL JOURNAL OF THE AMERICAN OIL CHEMISTS' 
SOCIETY, vol. 75, 1998-03, p. 393-397. 
D2: US-A-5 407 957. 

D3: DU PREEZ ET AL BIOTECHNOLOGY LETTERS, vol. 17, 1995, p. 933-938. 

2. The application discloses a method of culturing Crypthecodinium cohnii or variants 
thereof with carboxylic acids or carboxylate ions, for instance acetate, as a carbon 
source for the synthesis of docosahexaenoic acid (DHA). 

3.1 . D1 discloses a comparative study concerning DHA production of several 
microalga strains including C. cohnii. This microorganism showed good 
heterotrophic growth when acetate was used as carbon source (Table 1 at p. 
394). The presence of other carbon sources will in principle not change this 
reasoning since other carbon sources are not excluded from claim 1 (see also 
claim 3) and the amount of acetate used in D1 (1 gr/l and compare with the 
application p. 16, I. 14) seems to indicate that it is the main, if not the sole, carbon 
source (see also p. 396, RH col. 4th paragraph). Since the nature of the carbon 
source will presumably not change drastically the metabolism of C. cohnii, it is 
assumed that during this culture DHA is produced. The Applicant is drawn to the 
fact that omission of features (explicit mention of production of DHA), does not 
mean that they are not (implicitly) present (PCT Guidelines, IV, 7.5). Moreover, 
the microorganism C. cohnii and the carboxylic specie (acetic acid) seem to be 
the sole features needed for the synthesis of DHA, according to claim 1 . Fish oil is 
known in the art as an alternative source of DHA (p. 393, LH col. last paragraph). 
Porphyridium medium seems to contain yeast extract. The subject-matter of 
claims 1-3, 15, 18-20, 28-32 is therefore not novel (Art. 33(2) PCT). 

3.2. D2 discloses the production of a single cell edible oil containing high levels of DHA 
by a fermentation process using C. cohnii in presence of glucose as carbon 
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source (see Example and col. 5, I. 50-57). The application of DHA in food industry 
is known in the art (col. 6, I. 27). Alternative sources of DHA are also known (col. 
1, I. 20-25, I. 62-63). Several microorganisms that produce DHA are also known 
(col 1 , I. 34-43). Therefore, the subject-matter of claims 25, 26, 30-33 is not novel 
(Art. 33(2) PCT). 

3.3. The Applicant should note that the products and uses of claims 25, 26, 30, 31 , 32 
and 33 (oil comprising DHA or polyunsaturated fatty acids, purified DHA or 
polyunsaturated fatty acids, the microorganisms used for the preparation of DHA 
or polyunsaturated fatty acids and the method of use of said DHA or 
polyunsaturated fatty acids) do not meet the requirements of Art. 33(2) PCT, since 
they are already known in the art (see 3.1 and 3.2 above) and they cannot be 
distinguished from those products and uses already known because of the 
method used to produce the products, the degree of purity or the use made of 
them. 

3.4. Summing up, the subject-matter of claims 1-3,15,18-20,25,26,28-33 is not 
considered as novel (Art. 33(2) PCT). 

4. D1 , which is considered as the closest prior art, discloses the production of DHA 
by C. cohnii using acetate as carbon and energy source (p. 396, RH col. 4th 
paragraph). 

The problem to be solved can be regarded as the provision of alternative methods 
for the production of DHA by C. cohnii. 

The solution proposed, as far as it can be seen, differs from D1 by the 
simultaneous use of the carboxylic acid or carboxylate as titrant and carbon 
source in the method of production of fatty acids. 

However, the solution is considered as not inventive since D3 already discloses a 
pH-stat mode culture using acetate as a titrant and carbon source (see "Abstract", 
p. 933 and "Material and Methods: Bioreactor cultivation", p. 934). Therefore, D3 
already suggests the simultaneous use of acetate as tritant and carbon source. 
The method of D3 appears to be applicable to any fermentation procedure where 
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claims -ART 34 

1. A method of culturing a microorganism for the synthesis of docosahexaenoic 
acid by the microorganism, comprising culturing the microorganism with an organic 
species comprising an acidic group or an ionised form of an acidic group, the 
microorganism using the species as a carbon source and synthesising docosahexaenoic 
acid- 



2. A method according to claim 1, wherein the microorganism is a dinoflagellate 
or a genetically modified variant thereof. 

3. A method according to claim 2, wherein the microorganism is 
Crypthecodinium cohnii or a genetically modified variant thereof. 

4. A method according to any one of claims 1 to 3, wherein the species is a 
carboxylic acid or a carboxylate ion. 

5. A method according to claim 4, wherein the species is acetic acid or acetate. 

6. A method according to any one of claims 1 to 5, wherein the species is the 
main carbon source for the microorganism during the culture of the microorganism. 



7. 



A method according to any one of claims 1 to 6, wherein the microorganism 
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is cultured in a medium, an amount of the species being provided in the medium over 
a period of time during the culture of the microorganism. 

8. A method according to claim 7, wherein the use of the species as a carbon 
source by the microorganism causes an increase in pH of the medium, said provision 
of the amount of the species comprising addition of an organic acid to the medium 
in response to the increase in pH so as to decrease the pH of the medium. 

9. A method according to claim 8, wherein the organic acid is the species. 

10. A method according to claim 8, wherein the organic acid ionises to form the 
species. 

11. A method according to any one of claims 8 to 1 0, wherein the organic acid is 
added so as to maintain the pH substantially at a desired value. 

12. A method according to claim 11, wherein the desired value is pH 6.5. 

13. A method according to any one of claims 8 to 12, wherein the pH of the 
medium is monitored by means that produces a signal that is used to control the 
addition of the organic acid to the medium. 
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14. A method according to claim 13, wherein the signal is used to control addition 
of one or more of a nitrogen source, a phosphorus source, an amino acid, a vitamin, 
a salt or another growth factor during the culture of the microorganism. 

15. A method according to any one of claims 8 to 1 3, wherein the organic acid is 
added to the medium in a mixture comprising a further compound. 

16. A method according to claim 15, wherein the further compound is a further 
organic acid. 

17. A method according to claim 1 5, wherein the further compound is a lipid. 

18. A method according to any one of claims 15 to 17, wherein the mixture is a 
waste product from an industrial process. 

19. A method according to claim 1 5, wherein the further compound is a nitrogen 
source, a phosphorus source, an amino acid, a vitamin, a growth factor, a salt or a 
lipid. 



20. A method according to any one of claims 1 to 1 9, wherein prior to said culture 
with said species, the microorganism is grown with said species. 



WO 01/04338 PCT/GB00/02695 

27 

21 . A method according to any one of claims 1 to 20, wherein the microorganism 
is cultured with an organic nitrogen source, preferably with yeast extract. 

22. A method according to claim 21, wherein the nitrogen source is yeast extract 
and the initial concentration of the yeast extract is greater than 7.5 g/1. 

23. A method according to claim 22, wherein the initial concentration of yeast 
extract is 10 g/1. 

24. A method according to any one of claims 1 to 23, wherein the microorganism 
is cultured with salts or osmoticants, preferably with sea salts. 

25. A method according to any one of claims 1 to 24, wherein said culture is 
performed as a batch process or a fed-batch process. 

26. A method according to claim 25, wherein the culture is performed for between 
about 4 to about 10 days, preferably between about 6 to about 9 days. 

27. A method according to any one of claims 1 to 25, wherein said culture is 
performed as a continuous process or semi-continuous process. 



28. A method according to any one of claims 1 to 27, wherein the method further 
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comprises extracting oil including docosahexaenoic acid from the microorganism and, 
preferably, purifying the oil to increase the docosahexaenoic acid content of the oil. 

29. A method according to any one of claims 1 to 28, wherein the method further 
comprises the purification or partial purification of docosahexaenoic acid from the 
microorganism. 

30. A method according to any one of claims 1 to 29, wherein the culture does not 
include a stationary phase. 

31. An oil comprising docosahexaenoic acid prepared from a microorganism 
cultured in accordance with any one of claims 1 to 30. 

32. An at least partially purified preparation of docosahexaenoic acid prepared 
from a microorganism cultured in accordance with any one of claims 1 to 30. 

33 . A method according to claim 5 or any claim dependent on claim 5, wherein the 
initial concentration of the species is about 8 g/1. 

34. A method of culturing a microorganism for the synthesis of docosahexaenoic 
acid by the microorganism, comprising culturing the microorganism with an organic 
species comprising an acidic group or an ionised form of an acidic group, the 
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microorganism synthesising docosahexaenoic acid containing carbon from the species. 



35. A method of culturing a microorganism for the synthesis of a polyunsaturated 
fatty acid by the microorganism, comprising culturing C. cohnii with an organic 
species comprising an acidic group or an ionised form of an acidic group, the C 
cohnii using the species as a carbon source and synthesising a polyunsaturated fatty 
acid. 

36. An oil comprising said polyunsaturated fatty acid of claim 35, prepared from 
a microorganism cultured in accordance with claim 35. 

37. An at least partially purified preparation of said polyunsaturated fatty acid of 
claim 35, prepared from a microorganism cultured in accordance with claim 35. 

38. A microorganism cultured in accordance with any one of claims 1 to 30, 34 
or 35. 

39. A method comprising using a microorganism according to claim 38 as a food 
or a food supplement. 
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